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The activity of the oxygen reduction reaction (ORR) is a critical factor in fuel cells 37 and other electrochemical technologies (1) . The low reaction rate of the ORR can be 38 overcome using expensive nano-sized Pt catalysts in fuel cells (2, 3). In addition to the 39 scarcity and high-cost, the long-term operation of fuel cells may lead to dissolution and 40 agglomeration of the noble metal particles, which will degraded the performance of the 41 electrocatalysts (4-6). The search for efficient, durable and inexpensive non-precious 42 metal catalysts has become one of the most active and competitive endeavors in the 43 study of energy conversion (7-12). Recently, these non-precious metal and nitrogen 44 doped carbon catalysts prepared from transition metal macrocyclic compounds, such as 45 Co-N4-C and Fe-N4-C, are considered the best alternative ORR electrocatalysts (13-16). 46 On the other hand, the unavoidable agglomeration of carbon materials hinders the The Co-N4 complex was synthesized via four reactions, as shown in step 1 of Figure   77 1. The first three reactions were based on a previous study (32), which is a typical 78 method to synthesize the N4 complex. To the best of the authors' knowledge, this is the 
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Ordered mesoporous silica, SBA-15 (Sigma-Aldrich), was used as a template to 
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To evaluate the ORR performance of the Co-N4-MC electrode and other electrodes, Kouteckye-Levich equation (45): 
